The effects of cooling, storage, glycerolization and spermatozoal numbers on fertility were investigated utilizing three stallions and 72 mares. Semen was extended in a cream-gel extender and inseminated: a) within 1 hr (fresh) at 38 C, b) after cooling for 2 hr to 5 C, c) after cooling for 2 hr plus the addition of 7% (v/v) glycerol, and d) after cooling for 24 hours. Onehalf of the mares were inseminated with 100 and one-half with 500 • 106 progressively motile spermatozoa per insemination. Firstcycle pregnancy rates of 55.6, 38.9, 5.6 and 27.8% were obtained with the fresh, cooled 2 hr, cooled 2 hr plus glycerol and the cooled 24-hr seminal treatments, respectively; after three cycles, the pregnancy rates were 94.4, 83.3, 44.4 and 55.6%. The fertility of freshly extended semen was superior (P<.05) to that of semen cooled for 2 hr plus glycerol and to semen cooled and stored for 24 hours. Semen cooled for 2 hr was superior (P<.05) to semen cooled for 2 hr plus glycerol. The 63.9% pregnancy rate for mares inseminated with 100 x 106 did not differ (P>.05) from the 75.0% for mares receiving 500 • 106 spermatozoa. There was no difference in fertility among the three stallions.
INTRODUCTION
Techniques for cooling and storage are needed to permit prolonged use of stallion semen Animal Reproduction Laboratory, Department of Physiology and Biophysics. This research was supported in part by grants-in-aid from American Breeders Service, and the Arabian Horse Registry of America, Inc., through Morris Animal Foundation. Portions of these data are from a thesis submitted by the senior author to the Graduate Faculty of Colorado State University in partial fulfillment of the requirements for the degree of Master of Science. Portions of these data were presented at the 20th Annual Cony. A.A.E.P., Las Vegas, NV, 1974. 2 Department of Clinical Sciences. (Bogart and Mayer, 1950; McCall and Sorensen, 1971) . The fertility of bovine semen stored at 4 to 5 C increased from day 1 (day of seminal collection) to day 2, and decreased on day 3 (Salisbury et al., 1952; Almquist, 1962; Salisbury and Flerchinger, 1967) . The addition of glycerol to extended bovine semen improved fertility and permitted a longer duration of storage at 5 C (Williams et al., 1957; Almquist, 1959 Almquist, , 1962 . However, the fertility of extended boar semen was depressed by the addition of glycerol (Polge, 1956 ; Graham et al., 1971 ; Wilmut and Polge, 1974) . Pursel and Johnson (1975) obtained a satisfactory fertilization rate using frozen boar semen in an extender containing 2% glycerol. Nishikawa et al. (1968) reported a 44.2% first-service pregnancy rate for 113 mares using semen that had been frozen in an extender containing 4 to 5% glycerol. The minimum number of motile spermatozoa necessary for maximum pregnancy rate in mares has not been established, although 500 • 106 motile spermatozoa per insemination have been recommended for neat or extended semen (Pickett and Back, 1973 ; Pickett et al., 1974) .
The objectives of this study were to: a) compare fertility of extended semen inseminated immediately to that cooled to 5 C in 2 hr with and without glycerol or stored at 5 C for 24 hr; and b) determine whether 100 x 106 would provide a pregnancy rate comparable to 500 x 106 progressively motile spermatozoa.
MATERIALS AND METHODS
Seventy-two nonlactating mares ranging in age from 3 to 18 years were maintained in a single band at the Equine Reproduction Laboratory, Colorado State University. The mares consisted of a variety of breeds as well as nondescript, with unknown reproductive histories. They were provided free access to water and 7 kg of grass and legume hay per mare daily, and fed as much as 2.3 kg of a mixed-grain ration in individually-marked feedbags twice daily. 633 JOURNAL OF ANIMAL SCIENCE, Vol. 43, No. 3 (1976) DEMICK, VOSS AND PICKETT Each mare was individually teased daily by use of one or two stallions beginning April 1. The marea were artificially inseminated every other day of estrus, beginning on day 2 or 3 (first day of estrus designated as day 1), commencing with their first normal estrus after May 1. Insemination was continued for three cycles or until they became pregnant, whichever came first. An estrous period was considered normal if it was preceeded by a minimum of 8 days of diestrus that followed at least 4 days of estrus. One-third of the mares was assigned to each of three stallions. Semen was collected every-other-day, evaluated and inseminated using the techniques described by Pickett and Back (1973) . Fertility was based on pregnancy diagnosis at 50 days post-insemination by rectal p3alpation and an immunological pregnancy test.
Eighteen mares were randomly assigned upon arrival to one of four seminal treatments, all utilizing a cream-gel extender (Hughes and Loy, 1970 ): a) fresh -the extender semen was maintained at 38 C and used within 1 hr, b) cooled for 2 hr -the extended semen was cooled to 5 C in 2 hr, warmed until liquification (approximately 23 C) then used for insemination, c) cooled for 2 hr plus the addition of 7% (v/v) glycerol -semen was maintained at 10 C after 70-min cooling, then glycerol in 2 ml of extender was added in two equal parts at lOmin intervals to provide a final glycerol concentration of 7%, and d) cooled 24 hr -semen was treated as in b) and used after storage for 24 hr at 5 C. The half and half cream used for the extender contained approximately 11% butterfat, 2.8% casein, .9% albumin and 78.9% water.
Immediately after semin~d collection, 500 • 106 progressively motile spermatozoa were extended in 10 ml (8 ml for the cooled 2 hr plus glycerol) of cream-gel extender. At the time of insemination, even-numbered mares were inseminated with the total volume containing 500 x 106 motile spermatozoa; while the oddnumbered mares were inseminated with onefifth of the total volume which contained 100 • 106 motile spermatozoa. The volume per motile spermatozoon was held constant to avoid the possibility of dilution effect. The mean insemination volumes for the seminal treatments a, b, c and d were 6.8, 7.2, 6.5 and 7.1 ml, respectively; while the mean insemina-3MIP_TEST, Diamond Laboratories, Inc., Des Moines, IA 50304. tion volume for the 100 and 500 • 106 spermatozoal treatments were 2.5 and 12.2 ml, respectively.
A complete factorial analysis of variance with stallions, seminal treatments, and sperm numbers as factors was carried out after giving each mare a score of 10 if she settled on the first cycle ; 8 on the second ; 6 on the third ; and 0 if she did not become pregnant. This is the approach suggested by Snedecor and Cochran (1967) . Differences among means were tested with Tukey's honestly significant difference test. Stallions were considered as random and the other factors as fixed. Since there were no significant interactions (P>.10) it was possible to test main effects for individual cycles by Chisquare. Percentages in each table were rounded to the nearest whole number.
RESULTS AND DISCUSSION
First-cycle pregnancy rates for the seminal treatments by cycle are presented in table 1. The pregnancy rates in mares inseminated with freshly extended semen or semen cooled 2 hr, respectively, were superior (P<.05) to the mares inseminated with semen cooled 2 hr plus glycerol. After three cycles, the pregnancy rate for mares inseminated with freshly extended semen was higher (P<.05) than the rate for mares inseminated with extended semen cooled 2 hr in the presence of glycerol and extended semen cooled 24 hours. The pregnancy rate for mares inseminated with extended semen cooled for 2 hr was superior (P<.05) to that of mares inseminated with semen containing glycerol. Only 17 and 25% of the mares inseminated with semen cooled 2 hr plus glycerol or cooled 24 hr became pregnant per cycle compared to 59% (P<.05) for the fresh-seminal-treatment group. A total of 44% of the mares became pregnant per cycle to semen cooled for 2 hr, and was significantly higher (P<.05) than the treatment with glycerol.
In no comparison did cooling of semen to 5 C over 2 hr reduce fertility below (P>.05) fresh. However, in every comparison (table 1), the mean pregnancy rate was in favor of using semen without cooling. In a review, Tischner (1975) presented evidence that storage of extended semen at 4 C resulted in a conception rate lower than obtained with semen stored at room temperature or at 17 C.
The presence of glycerol depressed fertility. These results are in sharp contrast to those obtained by Williams et al., 1957; Almquist, 1959; Stower and Cembrowicz, 1961; Almquist, 1962; Foote, 1970 , with bovine semen 9 They reported that the addition of glycerol improved fertility when the semen was stored at 5 C and used for several days. In every comparison, fertility was higher in the glycerol-treated semen, and in many cases the difference was statistically significant 9 However, it has been shown that glycerol has a contraceptive effect upon the fertility of boar spermatozoa (Polge, 1956; King and Macpherson, 1966; Neville et aL, 1970) . Pace and Sullivan (1975) bred mares with frozen semen in which 2 or 7% glycerol was added 15 min before freezing and obtained higher (P<.05) pregnancy rates with semen containing the lower quantity. These investigators bred 20 mares each with raw semen and extended semen with and without glycerol and obtained 35-day pregnancy rates of 75, 35 and 50%, respectively. The only difference (P<.01) was in favor of raw semen. However, there was a trend toward reduction of fertility with extended semen in the presence of glycerol. With respect to glycerol, the physiological reaction of equine spermatozoa was more closely related to porcine than to bovine spermatozoa.
Cooling and storage of equine spermatozoa for 24 hr also depressed fertility. In comparison, fertility of bovine semen stored at 5 C has been reported to increase from the day of seminal collection to the following day then decrease on day 3 (Salisbury and Flerchinger, 1967) . These investigators postulated that the increase in fertility was due to death during storage of spermatozoa with defective chromatin, and that a lower prenatal death loss occurred when normal spermatozoa fertilized the ovum. Apparently equine spermatozoa lack the ability to adjust similarly or the cream-gel extender lacked the ingredients to protect the equine spermatozoa during cooling and storage.
Hughes and Loy (1970) obtained a 73.0% conception rate for 37 mares bred with semen in cream-gel extender stored at 0 to 5 C for 24 to 96 hours. The results are difficult to evaluate since split-ejaculates were not used. Also the number of spermatozoa inseminated and the number of cycles the mares were bred was not reported. However, the results appear more favorable to fertility than those reported in table 1.
The pregnancy rates over three cycles for mares inseminated with 100 or 500 • 106 motile spermatozoa were 64 and 75%, respectively. Although, the difference was not signifi- (1974) found no difference (P>.10) between treatments utilizing 100 or 500 x 106 motile spermatozoa per insemination (35.7 vs 42.9%). In spite of the lack of differences in fertility between 100 and 500 x 106 spermatozoa per insemination unit, fertility results have generally favored the larger number. However, when the proper AI techniques (Pickett and Back, 1973) are used, 100 x 106 motile spermatozoa from a highly fertile stallion should provide maximum fertility. This was particularly obvious when the fertility of mares bred with 100 or 500 • 106 motile spermatozoa was examined by seminal treatment (table 2) . A total of 16 of 18 mares became pregnant during three cycles to both the 100 and 500 x 106 treatments when only the fresh and cooled 2-hr seminal treatments were considered. A total of seven of 18 mares became pregnant to the glycerol and cooled 24-hr treatment with 100 • 106 spermatozoa compared to 11 of 18 with the 500 x 106 treatment, respectively. However, the interaction between seminal treatments and spermatozoal numbers was not significant, probably due to insufficient numbers. There were no differences in pregnancy rate per cycle, number of cycles per treatment or number of cycles per number pregnant due to number of spermatozoa per insemination unit. Since pregnancy rates between the groups were not significantly different, a large volume does not appear necessary for satisfactory fertility in the mare. These resuits are consistent with previous studies in which mares were inseminated with a mean volume of 1.5 or 11.6 ml of raw or extended semen, and no difference was observed in pregnancy rates (Pickett et al., 1974) . In another study, as little as .6 ml of raw semen was used to impregnate mares (Pickett et al., 1974) . From these results, it appears that mares may be inseminated with 100 • 106 progressively motile spermatozoa from a highly fertile stallion without reducing fertility.
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